BACKGROUND: Gastroesophageal reflux (GER) is commonly associated with chronic cough and asthma, but there is little or no information on the nature of any associated airway inflammation. OBJECTIVE: To observe whether the association with GER worsens airway inflammation in patients with chronic cough or asthma.
B
oth cough (1) and asthma (2) are commonly associated with gastroesophageal reflux (GER). The reflux of gastric contents into the esophagus is believed to cause cough and worsen asthma by a vagally mediated neurogenic reflex mechanism (3, 4) , by microaspiration causing airway inflammation (5) or simply by an increase in ventilation (6) . Airway neutrophilia (7, 8) , eosinophilia (9, 10) and an increase in metachromatic cells (11) have been described in the sputum (7) (8) (9) , bronchoalveolar lavage fluid (10) and mucosal biopsies (11) of patients with nonasthmatic cough and possible GER. Similar features are observed in patients with asthma (12) . No human studies have examined airway inflammation in patients with asthma plus GER. Airway inflammation can also be examined by measuring the level of nitric oxide in exhaled air (13) . We wanted to investigate whether GER in patients with cough or asthma is associated with the additional features of airway inflammation. We therefore examined the total and differential cell count, eosinophil cationic protein and fibrinogen levels in induced sputum, and nitric oxide in the exhaled air of patients with GER and nonasthmatic chronic cough or asthma, and compared them with those in control subjects or in patients with asthma without GER.
PATIENTS AND METHODS

Subjects:
Nine healthy volunteers without GER, cough or asthma, 11 patients with nonasthmatic cough and GER, nine patients with asthma and GER, and nine patients with asthma but without GER were recruited consecutively from the Firestone Regional Chest and Allergy Clinic and the Gastro-Intestinal Motility Disorders Clinic, Hamilton, Ontario (Table 1) . Asthma was identified by a history of episodic chest tightness, wheeze or breathlessness in the preceding 12 months, and by airway responsiveness to methacholine (provocative concentration required to produce a 20% fall in forced expiratory volume in 1 s of less than 8 mg/mL). Nonasthmatic chronic cough was defined as cough for at least three months in the absence of symptoms of sinusitis, postnasal drip, relevant drug history and methacholine airway hyperresponsiveness. GER was defined as symptoms of heartburn, regurgitation or dysphagia, and a positive 24 h pH study (that is, a cumulative time of greater than 4% of the recording time in which the pH fell to below 4.0 at 5 cm above the manometrically determined lower esophageal sphincter during a 24 h period of continuous ambulatory dual-channel esophageal pH recording). All of the subjects had been nonsmokers for at least 12 months, and had normal chest and sinus radiographs. None of the subjects had had a respiratory tract infection within the four weeks preceding the study. Three patients with asthma with GER and two patients with asthma without GER were taking inhaled corticosteroids (400, 800 and 800 m g budesonide daily, and 500 and 1000 m g beclomethasone daily, respectively). Of the 20 patients with GER, one (with asthma) was being treated with ranitidine 150 mg daily, and six (all with cough) were being treated with omeprazole 20 mg daily (median duration 12 months). The study was approved by the Hospital Research Ethics Board, and all subjects gave written, informed consent. Design and procedures: This was a cross-sectional study. The patients attended the laboratory on two or three days within a seven-day period. Patients with asthma withheld beta-agonists for 6 h before each visit. The seven patients with GER who were on antireflux treatment discontinued their medications for at least five days. On the first visit, asthma and cough symptoms were noted on a nine-point Likert scale (with a score of 9 indicating no symptoms). The exhaled air nitric oxide level was measured by a rapid, linear-response chemiluminescence analyzer (Sievers 240, USA) (13 vital capacity were then measured (14) , and a methacholine inhalation test was carried out by the tidal breathing method (15). Bronchoconstriction was reversed with salbutamol, and sputum was induced with hypertonic saline selected from the expectorate and processed with 0.1% dithiothreitol (Sputolysin, Calbiochem Corporation, USA), as described by Pizzichini et al (16) . Total and differential cell counts, including that of metachromatic cells, were conducted, and the supernatant was stored at -70ºC for fluid-phase measurements. The concentration of eosinophil cationic protein in the thawed supernatant was determined by radioimmunoassay (Kabi Pharmacia Diagnostics AB, Sweden) (limit of detection 2.0 m g/L). The fibrinogen level was measured by a 'sandwich' enzyme-linked immunosorbent assay using a rabbit antihuman fibrinogen antibody (Dako A080, Dako Diagnostics Canada Inc, Canada) (limit of detection 0.79 mg/L). All sputum measurements were made by investigators who were blinded to the clinical details. All subjects attended the gastrointestinal motility laboratory either on the same day as or within five days of the first visit. The symptoms of GER were assessed using a validated questionnaire (17) . An ambulatory dual-channel digitrapper (Medtronic-Synectics, Sweden) was used to perform 24 h pH testing. The lower and upper pH electrodes were positioned 5 cm and 25 cm, respectively, above the manometrically determined lower esophageal sphincter. The cumulative time (expressed as a percentage of the total recording time) during which the pH was below 4.0, and the number of episodes during which the pH fell to below 4.0, at the two electrodes were noted (18) .
Statistical analysis:
The clinical and demographic data were summarized using the appropriate descriptive statistics. Differences in sputum cell counts and exhaled nitric oxide levels between groups were analyzed using the general linear model procedure of SPSS (Advanced Statistics 10.0 for Windows, SPSS Inc, USA), adjusting for the dose of inhaled corticosteroids. The correlation between variables was examined by the Spearman rank correlation coefficient. The sample size for each group was calculated to show at least a twofold difference (which was considered clinically significant) in the mean values of the total cell count, and the neutrophil and eosinophil percentage differential counts with 80% power. P<0.05 (two-sided) was considered statistically significant.
RESULTS
Sputum was obtained from all 38 subjects. The sputum total cell count, neutrophil and macrophage percentage differential counts, and fibrinogen levels were normal in all four groups, with no significant differences among the groups (Table 2 and Figure 1A) . The eosinophil and metachromatic cell counts, and the level of eosinophil cationic protein, were normal in patients with cough and GER ( Table 2 , and Figures 1A and 1B) . They were significantly increased in patients with asthma compared with those in control subjects (P<0.01) and in patients with cough (P<0.01); however, there was no difference between the groups with and without reflux. The exhaled nitric oxide levels showed similar results (P<0.01) except that the levels were greater in patients with asthma without reflux than in those with reflux. This difference was not significant when adjusted for the dose of inhaled corticosteroid. There were no significant differences in the cell counts between patients with GER who were on acid-suppressive therapy and those who were (12) 16 (45) 45 (36) Number of refluxes -UES, n 13 (19) 16 (18) 9 (9) 2 (7) *Median (interquartile range); †
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not on treatment. The correlations between the number of episodes of reflux to the lower and upper pH electrodes and the sputum eosinophil count (r=-0.2 and -0.1, respectively), the neutrophil count (r=0.3 and 0.2, respectively) and the exhaled nitric oxide levels (r=-0.2 and -0.03, respectively) were not statistically significant.
DISCUSSION
The results show that patients with GER who presented with cough did not have evidence of airway inflammation as measured by sputum cell counts and the level of exhaled nitric oxide. The patients with mildly symptomatic asthma and GER had an eosinophilic bronchitis compared with the control subjects; however, there was no difference in sputum cell counts or exhaled nitric oxide levels compared with the patients with asthma without GER. This suggests that the association with GER does not worsen the airway inflammation in patients with cough or mildly symptomatic asthma. This is the first study examining the inflammation in induced sputum in which GER was also investigated by the measurement of the upper and lower esophageal pH in all subjects. The study reports two novel observations. First, in patients with objectively confirmed GER and chronic cough, 
Figure 1) Inflammatory markers in sputum and exhaled air in patients with cough with gastroesophageal reflux (GER), asthma plus GER, asthma without GER and normal control subjects. The horizontal lines represent the upper limit of normal values (90th percentile) (23,25). A Total cell count, and neutrophil, eosinophil and metachromatic cell differential cell counts. B Fluid-phase eosinophil cationic protein (ECP), fluid-phase fibrinogen and exhaled nitric oxide (NO) levels. ppb Parts/billion
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there was no evidence of airway inflammation in sputum samples. This result is similar to that of Boulet et al (11) who did not find any increase in inflammatory cell number in the bronchoalveolar lavage fluid and bronchial mucosal biopsies in six patients with cough and objectively confirmed GER. It is different from the findings of Jatakanon et al (8) who observed sputum neutrophilia in four patients with nonasthmatic cough and GER, and from that of McGarvey et al (10) who showed an increase in bronchoalveolar lavage fluid eosinophils in seven patients with cough and GER. These differences may reflect differences in the intensity of the cough and GER, in the patient population (for example, a coincidentally associated eosinophilic bronchitis [19] ) or in the airway compartment that was sampled. Second, evidence of airway inflammation was sought in the sputum of patients with asthma and GER, and was found not to be different from that of patients with asthma without GER. This suggests that the degree of GER present in these patients did not contribute to airway inflammation in asthma.
The study design was appropriate to examine the effect of GER on airway inflammation in patients with asthma. However, the design may be criticized on other issues. First, we did not have a group of patients with non-GER cough. Because we had excluded all of the conditions other than GER that can cause a cough, and because almost all idiopathic cough is due to GER (20), we did not, a priori, include a group of patients with non-GER cough. However, a retrospective analysis of the cell counts of five patients with chronic nonasthmatic cough who were screened to be included in the study and who had a normal 24 h esophageal pH study showed normal total cell counts with a median of 3.1´10 6 /g (interquartile range [IQR] 3.2), and a differential cell count of neutrophils of 21% (IQR 29) and of eosinophils of 0% (IQR 0.2). Second, we cannot confirm that the GER was responsible for the cough; however, it is the most likely cause because the cough either disappeared (one patient) or improved (five patients) after three months of antireflux therapy (no improvement in two patients, three patients did not return for review). Third, it can be argued that the GER was mainly confined to the lower esophagus with very few episodes of reflux to the hypopharynx, and, consequently, little possibility of aspiration and airway inflammation. This needs to be studied specifically by measuring airway inflammation in patients with GER and oropharyngeal reflux. Fourth, acid-suppressive therapy is unlikely to have affected the sputum cell counts because there were no differences in the cell counts between patients on treatment and those not on treatment. Finally, methacholine inhalation is unlikely to have increased the frequency of reflux episodes (21) because the tests were done at least 24 h apart. The implications of the results are twofold. First, the absence of neutrophilic inflammation suggests that microaspiration of acidic gastric contents may not be a major contributory factor in cough or asthma associated with GER. A vagal reflex mechanism associated with microvascular leakage (22) or an increase in ventilation (6) , and mediated by kinins, may be more important. However, sputum fibrinogen, an indicator of vascular leakage, was normal in the present study. Although the level of exhaled nitric oxide was greater in patients with asthma without GER than in patients with asthma with GER, this difference was not significant when adjusted for the dose of inhaled corticosteroids. This result is consistent with a previous observation (23) that the exhaled nitric oxide levels of patients with asthma of different levels of 'control' may not be different if they are taking inhaled corticosteroids. Second, because GER did not worsen the airway inflammation in the patients with asthma, it is unlikely that increasing the doses of anti-inflammatory drugs will have additional clinical benefits in patients with asthma with GER (24) . This needs to be evaluated prospectively.
CONCLUSIONS
In this cross-sectional study of patients with nonasthmatic cough or mildly symptomatic asthma associated with GER, there was no evidence of worsening of airway inflammation measured by sputum cell counts and levels of exhaled nitric oxide.
